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(57) Particulates and sulfur oxides are 



removed from a gas by contacting the 
gas in a spray-dryer 24 with an aqueous 
alkaline reagent and then contacting the 
gas with the reagent in a fabric filter 32. 
The preferred reagents are calcium ox- 
ide, calcium hydroxide, sodium carbon- 
ate, sodium bicarbonate and sodium 
hydroxide. The reagent solution or dis- 
persion is sprayed, e.g. by impinging on 
rotating disc 26 into the gas, which is at 
least 100°C, in an amount and at a rate 
to react in the spray dryer with only a 
portion of the sulfur oxides in the gas, 
which leaves the spray dryer at 65- 
135°C and absolute humidity 0.07-0.5g/ 
g. This resultant gas containing the dry 
particulate reaction product, excess rea- 
gent and particulates, is impinged upon 
a gas-permeable porous fabric 34 so 
that a substantially uniform coating of 
the solids is formed thereon. Further 
reaction then occurs as the gas, still 
containing some sulphur oxides, filters 
through. 
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SPECIFICATION 

Sequential removal of sulfur oxides from hot gases 

5 The present invention relates to a method of removing sulfur oxides and particulates from gases containing 5 
the same. It particularly relates to a method wherein a hot gas containing sulfur oxides and particulates is 
controllably reacted in a first zone and then passed sequentially into a second zone, the sulfur oxides in the 
gas being reacted in each zone with a selected chemical absorbent therefor. 
Sulfur oxides, principally as sulfur dioxide, are present in the waste gases discharged from many metal 

10 refining and chemiral plants and in me flue gases from power plants generating elecmcity by the 10 
combustion of fossil fuels. In addition, hot sulfur-containing gases may be formed in the partial combustion 
or gasification of sulfur-containing fuels, such as coal. The control of eir pollution resulting from the 
discharge of sulfur oxides into the atmosphere has become increasingly urgent An additional incentive for 
the removal of sulfur oxides from waste gases is the recovery of sulfur values otherwise lost by discharge to 

15 the atmosphere. However, particularly with respect to the flue gases from power plants, which basedon the 15 
combustion of an average coal may contain as much as 3000 p.p.m. sulfur dioxide and 30 p.p.m. sulfur 
trioxide by volume, the lerge volumes of these flue gases relative to the quantity of sulfur which they contain 
make removal or recovery of the sulfur compounds expensive. Also, the total quantity of possible 
by-products, such as elemental sulfur and sulfuric acid, that could ultimately be obtained from the 

20 recoverable sulfur values would exceed the demand for such by-products. ... 
Many processes have been proposed and investigated over a period of many yearsforthe desuHunzaeon 
of flue gases. Several solid-gas contact processes have been proposed in which the sulfur dioxide present in 
the flue gas is removed either by chemical reaction with a solid absorbent or by adsorption on an active 
surface followed by oxidation of the adsorbed sulfur dioxide. In one such process, shown In U.S. Pat No. 

25 2.718,453. finely powdered calcium carbonate is blown into the combustion gas to form calcium sulfate or 25 

CT Sie?example of a solid-gas contact process is shown in U.S. Pat No. 3.310,365. which is directed to 
eliminating sulfurtrioxide-induced corrosion. In this process a gas stream contaming about 20 p.p.m. sulftir 
trioxide is cooled below the acid dew point value of the gas to form a hydrated sulfur trioxide aerosol, and a 
30 finely divided dolomitic limestone or other alkaline additive is injected into the gas stream, using about two 
and one-half to three times the stoichiometric amount required for complete neutralization. As further noted 
in this patent: "The particulate matter in the flue gas. including the injected alkaline additive, is separated 
from thegasbyimpingementuponthefabricfilter surface of the bags, the alkaline additive functioning as a 
filter aid and building up a matrix through which the sulfur trioxide-laden gas must pass, bringing about the 
35 desired neutralization reaction for removal of the sulfurmoxide." 

U S Pat No. 3.852.410 describes another gas-solid contact process for continuously removing sulfur 
dioxide and particulate contaminants from industrial stack gases containing the same by use of a soluble 
alkaline sodium compound as a sulfur dioxide reactant which is subsequently regenerated. Fabricfifter 
dust-collecting surfaces are preloaded with thefinely divided soluble alkaline sodium compound, and a 
40 waste gas containing sulfur dioxide, carbon dioxide and particulate contaminants is passed through the dust 
collector. The particulate contaminants are restrained by the dust collector, and a portion of the sulfur 
dioxide reacts with the soluble alkaline sodium compound. uju.»i.o 
In general, a reaction between a solid and a gas is relatively slow and inefficient being limited by the 
available surface area of the solid. Also certain of the resultant products do not readily lend themselves to 
45 regeneration of the starting material or recovery of the removed sulfur values. 

In the molten carbonate process shown in U.S. Pat Nos. 3/138.722. 3.428.727. and 3.438,728 sulfur ^ode 
impurities are removed from a hot combustion gas by contacting the gas at a temperature of at least 350°C 
with a molten salt mixture containing alkali metal carbonates as the active absorbent The spent absorbent is 
menregeneratedchemicallyandrecirculated.Theadaptationofsuchaprocesstomanyex.st.ng 
50 power-plant utility installations often presents certain economic disadvantages because of the requirements 50 
for modifying the boiler systems of these utility plants in orderto obtain the flue gas to be treated atthe 
reared elevated temperature forthe molten salt absorption, ratherthan at its generally much lower exit 

temperature from the boiler. 

Wet absorption processes have been used for treating lower temperature flue gases. In a typica wet 
55 absorption process, the flue gas is washed with an aqueous alkaline solution or slurry Aque°us Jum« of 
calcium oxide, calcium hydroxide or calcium carbonate have been used for removal of w^"""**™ 
flue gas in several power plants. Also, aqueous sodium sulfite or ammonia solutions have been utilized as 



In the wet absorption process shown in U.S. Pat No. 3.533,748, a waste gas stream containing sulfur 
60 oxides is scrubbed with an aqueous solution of a soluble alkali, such as sodium carbonate or sodium 
hydroxide, to form sulfite and sulfate in solution. The resulting solution is then evaporated to precipitate 
solid alkali metal sulfite and sulfate salts, which are separated from the solution and further processed 

While these wet absorption processes have some advantages, they sufferfrom a common drawback of 
producing a liquid effluent containing a large amount of water relative to the sulfur oxide absorbed, which 
65 effluent is not amenable to simple high-temperature reduction and regeneration. Thus, difficulties anse 
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where economic and efficient recovery of the dissolved absorbent and sulfur values from an aqueous 
solution is attempted. In many such processes, the recovery of elemental sulfur, a preferred product is not 
economical. Further, the wet processes frequently produce a water-saturated product gas which must be 
heated prior to discharge to the atmosphere to avoid an objectionable plume. 
5 In U.S. Pat No. 3,305,307, there is shown a process for the manufacture of solid alkali metal sulfite with 5 
negligible formation of alkali metal sulfate. A finely dispersed concentrated aqueous solution of an alkali 
metal compound such as sodium or potassium carbonate, hydroxide, or bicarbonate is passed into a 
substantially dry gas containing an equivalent or greater amount of sulfur dioxide, the dry gas being 
maintained at a temperature such that solid alkali metal sulfite is formed. To obtain a pure alkali metal sulfite 
10 by such a process, an excess reactant amount of S0 2 compared with the alkali metal compound is required. 10 
Also, to avoid the formation of alkali metal sulfate, the gas containing the S0 2 reactant must be relatively 
free of sulfur trioxide and oxidation-promoting substances such as nitrogen oxides and metal oxides, the 
latter being found in fly ash. In addition, a relatively low temperature of reaction is generally required, higher 
temperatures promoting formation of sulfate. This patent, which is directed to the manufacture of a pure 
15 chemical compound, is not concerned with the problems associated with treating waste gas streams, such 15 
as the low concentrations of sulfur oxides to be removed as well as the presence in the gas stream of 
significant amounts of inert particulate matter. 

U.S. Pat No. 3^32,587 is directed to a closed-cycle process for removing, in a single spray-drying step, a 
sulfur oxide impurity from a hot waste gas. The resultant products are removed from the flue gas in a 
20 subsequent step using a conventional gas-solid separator. 20 
U.S. Pat No. 3,880,629 is directed to an air pollution control process for the treatment of a 
high-temperature glass furnace gas. A sodium alkali is used as an SO x absorbent, wet or dry, and is injected 
into the hot flue gas issuing from the glass furnace. This flue gas contains fine particulates of glass 
components and SO x , which is evolved from the Na2S0 4 fining agent used in the glass batch. The absorbent 
25 reaction product and the glass particulates are thereafter collected in a baghouse as a dry filter cake. After 25 
appropriate sizing, this filter cake is recycled to the glass melt The preferred sodium alkali absorbent is 
nahcolite ore, which is principally sodium bicarbonate. When the nahcolite ore is used as a dry absorbent for 
a gas-solid phase reaction, it is continuously fed as a fine powder into the flue gas stream. The gas 
temperature is maintained at about 260°C (500°F). The gas containing the absorbent and reaction products is 
30 then directed onto bags, which have been precoated with a thin layer of nahcolite ore. The baghouse, with 30 
the nahcolite ore layer on the bags, serves the dual function of acting as a filter aid for collecting the glass 
batch particulates and also for removing the S0 2 . Where the sodium alkali absorbent is used in the wet state, 
it is sprayed as a liquid alkali solution into the hot flue gas, spray heads being used to break up the aqueous 
sodium alkali solution into fine droplets so as to obtain effective contact with the hot flue gas. The formed 
35 sodium sulfite and sulfate is dried by the heat of the flue gas and is then collected along with the glass batch 35 
fines in the baghouse, the baghouse in this embodiment acting as a collector rather than as a reactor for SOx 
emission control. The baghouse filter cake contains the sodium sulfate reaction product, residual unreacted 
sodium carbonate, and glass batch fines, and this filter cake may then be recycled to the glass melt The use 
of the wet spray-dry technique followed by collection of the reaction products in a baghouse is also indicated 
40 as applicable to the treatment of power-plant flue gas obtained from the burning of oil and coal fuels and 40 
containing SO x and fly ash emissions. 

Other gas purification patents of interest but not considered any more pertinent than those discussed, 
Include U.S. Pat. Nos. 931,515, 984,498, 2,875,844, 2,875,847, 2,919,174, 3,933,978, 3,969,482, and 3,976,747. 
Other patents and sulfur oxide removal processes are discussed in considerable detail in the patents 
45 reviewed, both with respect to specialized requirements for treating the gases evolved from particular 45 
industrial processes as well as the requirements for the removal of sulfur oxide contaminants from flue 
gases emitted from oil- and coal-burning power plants. However, despite all of this activity in gas purification 
over many years, and the many plans and processes proposed, both speculative as well as experimentally 
evaluated, the need still exists for an effective, commercially feasible method for controlling both particulate 
50 and sulfur oxide emissions from power-plant flue gases in a manner that is efficient simple and inexpensive, 50 
and yet is readily adaptable to the flue gas characteristics of existing power-plant installations on a retrofit 
basis. There is also a present need for a throw-away once-through process for sulfur dioxide removal 
because of the substantial additional capital investment required for recycle and absorbent recovery. In 
addition, such an air pollution control process must be versatile with respect to being able to meet stringent 
55 Governmental environmental requirements while at the same time being able to use a wide variety of 55 
absorbents, essentially interchangeable for the specific requirements of a given power plant, but yet without 
requiring substantial modifications in the process. To date no sulfur dioxide removal process is 
commercially available that has achieved this required versatility while meeting the desired economic and 
environmental restraints. 

60 60 
Summary of the invention 

The present invention provides a novel and versatile two-zone method commercially suitable for treating a 
power-plant flue gas, without any requirement for cooling or reheat to remove sulfur oxides and 
65 particulates therefrom, which method avoids the various disadvantages heretofore characterizing prior 65 



GB 2 014 975 A 



sulfur oxide-removal processes. More particularly, in accordance with the present "?"*£^£t£to 
obtain satisfactory absorbent utilization employing either sodium alkali or calcium altel.absorbente^.le 
cSSy removing in excess of 90% of the sulfur oxides contained in the hot gas. ^'J™™*™* 
^theprLrrtinven^ontheabsorbentreactionproductisrecoverablea^ 
«; disDOsalorrecycleAnotheraovantageofthepresentinventionismatmetreatedgasisrendered 5 

5 £ ££. ! of fly ash particulates as well as sulfur oxides and has a sufficiently low '^£gumri*to 
permit its discharge tc 'the atmosphere without the necessity of reheatorthe production of an objectionable 

P ' Broadly the present invention provides a two-zone method for removing particulates and ^fur oxides 
oTcTcS^ 

fabricfilter zone to complete the chemical reaction between the absorbent and the rema rung s"'™°* iae i 
oresent ?M the invention being defined belowin claim I.The preferred sodium alkali absorbents are 
SI «rDon fl S^ium hydroxide and mixtures thereof. Particularly P<^«™"™"^ sSked , S 
15 soda ash and trona. The preferred calcium alkali absorbents are caloum oxide and calcium hydroxide >, staked 15 

de^Sm^partonLsolubility.andismencontrollablyintrodu^^ 
nofgaSanamountandata 

aborb^t^ 

ofraDidaccelerationoftheliquldasitflowsradiallyoutwardfromthecenter. 

The ^utont oas comaining the dry particulate reaction products as calcium or sodium sulfites and 
su^eTtogeme 9 , ^part all? reacted and unreacted absorbent rendered highly reactive by the 
ceSaaMisc atomizerand present in an amount suffident for reason in me second zone with the 

^r^ndCeb^eentf^ateorbenti oc 

^^TetSzTe'mX^the present invention, h has now become commercia.ly feasible to 
em^tev a caSum Se oScium hydroxide absorbent for the removal of sulfur ox,des in a spray-dryer 
ZSSn zone desotte the limited solubility of calcium oxide or calcium hydroxide in an aqueous medium. 

th TSe^ S o^retn°o n d e also offers the folding additional advantages,The flue gas tem^rature attire exit 45 

'TemeZdTparti^ 55 
. IS . , Tmna iq pffeetive in ts raw state as mined and in that state contains souium 
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absorbent, as dilute a solution or slurry as feasible is used consistent with having a sufficient amount of 
absorbent present to react with the sulfur dioxide required to be removed. Thus when a sodium alkali 
absorbent is used to provide from about 90% to 1 20% of that theoretically required to react with all the sulfur 
dioxide present in the waste gas, the aqueous medium will contain between 2 and 30 wt % of sodium 
5 carbonate or soda ash. Where raw trona is used as absorbent the aqueous medium will contain an amount 5 
of trona having the same molar equivalent as sodium carbonate. This will range between 5 and 50 wt % of 
raw trona in the aqueous medium, a slurry being present at the higher concentrations. For the aqueous 
medium containing a calcium alkali absorbent the aqueous medium consists of a slurry containing between 
5 and 30 wt % of absorbent 

10 The sulfur oxide and absorbent are reacted in the first zone to produce sulfite and sulfate reaction 1 0 

products. The gas stream also contains finely dispersed particles of partially reacted and unreacted 
absorbent of enhanced reactivity. The term "partially reacted absorbent" refers to a particle or fragment of 
absorbent which is only partially chemically reacted, some of the formed sulfate or sulfite being occluded on 
its surface. Essentially, such a material behaves as unreacted absorbent insofar as its subsequent utility in 

15 the second zone. The gas stream also will include, of course, the vaporized water from the aqueous medium. 15 
The exit gas stream further preferably contains from about 20 to 50 vol. % of the initial sulfur oxide content 
Thus for substantially complete removal, about 50-80 vol. % of the sulfur oxides will be removed in the first 
zone, the remaining 20-50 vol. % of the initial sulfur oxides being removed in the second zone. However, 
where less sulfur oxides are to be removed, then proportionate removal of the sulfur oxide will preferably be 

20 accomplished in the first zone with only a small remaining amount of sulfur oxide to be removed in the 20 
second zone. For example, where environmental requirements permit an overall removal of only about 
60-70 percent of the sulfur oxides initially present about 40-50 percent will be preferably removed in the 
spray dryer zone, and about 10-30 percent will be removed in the fabric filter zone. Thereby lesser relative 
amounts of absorbent will be added initially because of lower absorbent requirements as well as increased 

25 absorbent utilization. The theoretical stoichiometric amount of absorbent now required to react with the 25 
sulfur oxides will be based on the amount of sulfur oxides intended to be removed. 

A wide variety of fabric filter systems may be used in the second zone, with a wide range of sizes and 
capabities and with varying degrees of automated features, to meet the needs of specific applications. The 
exit gas from the spray dryer zone may be introduced in either an upwardly or downwardly flowing direction 

30 to the fabric filter system and, depending upon the specific configuration of the system, collected on either 30 
* the inside or outside upstream surfaces of the fabric filter elements. Thus, where a pulse-jet type of fabric 
filter is used, the particulate matter would be collected on the outside upstream surface of the fabric filter 
element Synthetic fabrics, such as those made of acrylic and polyester fibers, e.g., Orion and Dacron, are 
generally preferred for use as the fabric material. However, the selection of the material for the fabric filter 

35 element is not particularly critical provided of course that the fabric is suitable for the temperature range of 35 
operation and is resistant to chemical attack by the constituents of the hot gas stream, which are generally of 
a corrosive acidic nature. Under steady-state conditions a substantially uniform coating of particles is 
produced and maintained on the upstream surfaces of the fabric. The surface coating so produced, which 
includes partially reacted and unreacted absorbent initially introduced into the spray-dryer zone, has been 

40 found to be substantially more reactive with sulfur oxides than raw or untreated absorbent would be. 40 
When the reaction products recovered from the filter are to be disposed of as a throw-away waste, i.e., an 
open-loop cycle is used, the calcium alkali absorbents generally are preferred since the calcium reaction 
products are less soluble than the sodium reaction products and, thus, less likely to pollute any ground 
waters. Alternatively, the sodium alkali absorbents are more reactive with sulfur oxides, in addition to being 

45 more soluble in the sprayed aqueous medium, and their use is preferred when maximum sulfur removal is 45 
the principal criterion. In addition, the sodium reaction products are more readily regenerable in a 
closed-loop recycle process. 

The spent sodium absorbent (principally in the form of sodium sulfate with a minor amount of sulfite) may 
be recovered and treated to regenerate the absorbent and recover the commercial sulfur values contained 

50 therein. For example, the dry sodium product may be treated at elevated temperatures with a reducing 50 
agent, preferable a carbonaceous material, to reduce the sulfite and sulfate to sulfide. Concurrently, a source 
of oxygen may be provided to generate sufficient heat for the reduction by a combustion reaction with the 
carbonaceous material. In a subsequent aqueous reformation step, the sulfide is dissolved in water and 
reacted with carbon dioxide or a carbon dioxide^yielding material to form hydrogen sulfide and to 

55 regenerate the carbonate absorbent The hydrogen sulfide may be further processed to recover the sulfur 55 
constituent as a saleable product One such closed-cycle regeneration process, but using only a single zone 
for S0 2 reaction, is shown in U.S. Pat. No. 3,932,587. 

The sole figure of the drawing is a schematic representation of a preferred apparatus for carrying out the 
present invention. 

60 The two-state method of the present invention is applicable to any hot gas containing sulfur oxides, the 60 
gas being effectively contacted in a first spray-dryer zone with a finely dispersed aqueous medium 
containing an alkaline sodium or calcium absorbent for reaction with the sulfur oxides. The method is 
particularly applicable to flue gas obtained from the burning of fossil fuels such as, for example, petroleum, 
petroleum products, coal, coal tars, coke and the like and in which the gas has a minimum temperature of 

65 from about 100°C up to a temperature of 800°C or higher. The present method is particularly applicable on a 65 
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retrofit basis to the treatment of the flue gas from the coat-burning boilers of existing power-plant utility 
installations, which flue gas generally has an exit temperature of from about 130°C (270°F) to 230°C (450°F) 
and which may contain sulfur dioxide in amounts up to about 5000 p.p.m. as well as from 0.2 to 2.0 wt % of 
fly ash (about 0.2-28 gVcu.m. or 0.1-12 grains cu.ft). These lower temperature gases are not readily 
5 amenable to treatment by other than the wet-scrubbing prior art processes without the necessity of a 
gas-heating step. 

However, if an aqueous wet scrubbing method is used for treating these lower temperature flue gases, 
then these gases are cooled to a point where it is necessary to expend energy for reheating them prior to 
their discharge to the atmosphere. Further, no dry absorbent technique is known to be satisfactory and 

1 0 economical in meeting the present environmental air quality standards. Indeed, the prior art suggests that 
the calcium absorbents are substantially ineffectual at temperatures below about 500°C, and dry sodium 
absorbents are preferably used at temperatures above 260°C. Further, even at the higher temperatures at 
which the dry absorbents are more reactive, a special high^emperature material is required forthe fabric 
used in the fabric filter element It will be appreciated, of course, that the present invention also is applicable 

15 to waste gases having a temperature higher than 230°C, such as the waste gases from various chemical 
processing plants (which may contain sulfur dioxide in amounts from about 1 to 10% by volume). For such 
gases, the first zone of the present invention will be operated to reduce the gas temperature to a range in 
which the low-temperature fabrics can be utilized in the fabric filter. 
The present invention will be more specifically discussed with reference to a preferred application of the 

20 method, namely, the removal of sulfur oxides from flue gas produced by the burning of coal. Such flue gas 
may contain fly ash in amounts of up to about 2.0 weight percent of the flue gas and amounts of up to 5000 
p.p.m. by volume of sulfur dioxide. In accordance with the present method, it is not necessary to remove the 
fly ash prior to treatment of the flue gas for the removal of sulfur oxides, since the ash also is removed by the 

25 ^ifac^ordance with the present invention, the sulfur oxide-containing flue gas is sequentially transferred 
through two zones, in each of which it is contacted with a selected sodium alkali or calcium alkali absorbent 
for the removal of the sulfur oxides. Suitable preferred absorbents include calcium oxide, calcium hydroxide, 
sodium carbonate, sodium bicarbonate and sodium hydroxide. The particularly preferred absorbents are 
sodium carbonate (soda ash), trona and calcium oxide, based on their cost and effectiveness in removing 

30 sulfur oxides. When calcium oxide is selected as the absorbent, it has been found that a calcium hydroxide 
slurry, particularly slaked lime formed by slaking calcium oxide with water, is far more effective in removing 
sulfur oxides than commercially available calcium hydroxide, i.e., hydrated lime. 

An aqueous medium consisting essentially of water and the selected absorbent is introduced into a first 
spray-dryer zone where it is contacted with the flue gas having a temperature of from 1 00° to about 230°C 

35 and containing from about 200 to 5000 p.p.m. by volume of sulfur dioxide and about 0.2-28 gVcu. m. of fly 
ash. The first zone is defined as a spray-dryer chamber in which the aqueous medium is atomized to form a 
finely dispersed spray that intimately contacts the incoming flue gas. Various types of spray dryers are 
known to those versed in the art However, it has been found that a spray dryer which utilizes a high-speed 
spinning wheel or disc to atomize the liquid provides greatly superior results in the practice of the invention. 

40 In operation, a stream of liquid is directed onto the surface of the spinning disc, which atomizes the liquid to 
form a spray of finely dispersed droplets throughout the interior of the chamber. Further, since no nozzles 
are involved, the preferred spray dryer can be used with a slurry of the calcium alkali absorbent as well as 
with a solution of the sodium alkali absorbents. In addition, the use of a spinning disc or wheel is 
advantageous, compared with the use of nozzles, where the entering waste gas has varying flow rates such 

45 as are encountered in power-plant operation because of varying load demands. When using the spinning 
disc, the flow rates of the aqueous medium can be adjusted to correspond to those of the varying gas flow 
without diminishing the effectiveness of the contact between the absorbent and the S0 2 in the gas. In 
contrast, where nozzles are used, the spray dryer is optimized for specified nozzle flow rates at specified 
pressures in order to obtain optimized spray-dispersion patterns. If the aqueous medium flow rate is varied 

50 to accommodate varying gas flow rates, degradation in the spray-dispersion patterns will occur which will 
interfere with optimum absorbent-sulfur oxide contact 

The conditions in the first spray-dryer reaction zone are controlled so that a water-unsaturated gas exits 
from the spray dryer, this gas containing finely dispersed dry particles of reacted, partially reacted and 
unreacted absorbent and from about 20 to 50% of the initial sulfur dioxide content of the waste gas. These 

55 desired results are obtained by introducing the aqueous medium at a rate to provide water in an amount to 
produce an exit gas having an absolute humidity of from about 0.07 to 0.5 grams of water vapor per gram of 
dry gas and a temperature of from about 65°C to about 135°C. It has been found that the principal criteria 
affecting sulfur dioxide removal in the first reaction zone are the degree of contact between absorbent and 
the hot gas, the degree of water saturation of the gas and the temperature drop across the reaction zone. 

60 Where prior art spray-dryer techniques were used, the desired purpose was to obtain maximum sulfur oxide 
removal in the spray dryer. In order to obtain high removal rates, it is necessary to closely approach the 
saturation level of the gas. In addition, a relatively high temperature drop across the reaction zone is 
required. In contrast using the method of the present invention, a relatively drier exit gas is produced and a 
relatively low-temperature gas can be treated without the necessity of a large temperature drop across the 

65 first reaction zone. 
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The exit gas from the first reaction zone containing finely dispersed particles is introduced into the second 
zone where the particle-containing gas is impinged upon an upstream surface of a gas-permeable porous 
fabric. While an electrostatic precipitator can be used for the second zone and still provide excellent 
particulate removal, it is substantially less effective in removing the residual sulfur oxides. The use of a 
5 cyclone type of separator for the second zone is substantially less effective for particulate removal, and little 5 
or no sulfur oxide removal is obtained. Fabric filters or baghouses are, therefore, an essential feature of the 
present invention. Under steady-state conditions a substantially uniform coating of the particles of reaction 
product, fly ash and absorbent is formed on an upstream surface of the fabric. The unreacted and partially 
reacted absorbent continues to react with any sulfur oxide contained in the gas to produce a treated gas 

10 which is withdrawn from a downstream surface of the fabric substantially free of particles and generally 10 
containing less than about 10% of the initial sulfur dioxide content 

It is not known with certainty why the partially reacted and unreacted absorbent from the first zone is more 
reactive with sulfur oxides, particularly at such low temperatures, than obtained in prior art solid gas contact 
processes at higher temperatures, and the inventors do not wish to be bound by any particular theory. It is 

15 believed, however, that the greater reactivity in accordance with the present method is a combination of 15 
several factors. One factor may be that the gas stream entering the bag filter has a higher relative humidity 
than the prior art solid-gas contact processes and thus the moisture in the gas enhances the activity of the 
absorbent Another factor is believed to be the particle size of the absorbent More particularly, when using 
the particularly preferred spray dryer and preferred absorbents, namely, an aqueous solution of sodium 

20 carbonate or trona or an aqueous slurry of slaked lime, the particles of unreacted and partially reacted 20 
absorbent produced in the first zone have a median particle size of less then about 20 microns and generally 
a median particle size within the range of from 5 to 1 5 microns, thus providing a high surface area per unit 
weight It also is probable that the specific surface area of the absorbent is increased in passing through the 
first reaction zone and that this increase in surface area improves its reactivity. Whatever the mechanism, it 

25 has been determined through numerous tests that the absorbent utilized in accordance with the present 25 
method is substantially more reactive in the fabric filter than when the same absorbent is injected into the 
gas stream as a dry powder and impinged upon a fabric surface of the fabric filter. 

Referring now to the drawing, a selected absorbent is discharged from a hopper 10 into a mixing vessel 12 
which is provided with a suitable stirring means such as a motor driven propeller-mixer 14. Water is 

30 introduced in the mixing vessel 12 via a conduit 16. The water and absorbent are mixed to form an aqueous 30 
medium containing the absorbent in solution or as a slurry. The aqueous medium is withdrawn via a conduit 
18 for introduction into a pump 20. From pump 20 the aqueous medium is discharged through a conduit 22 
for introduction into a spray dryer 24. Spray dryer 24 is equipped with a motor 25 to drive a wheel or disc 26 
upon which the aqueous medium is directed to form a finely dispersed spray. A sulfur dioxide- and 

35 ash-containing flue gas at a temperature of at least 1 00°C, for example, from a fossil-fueled power plant, also 35 
is introduced into spray dryer 24 via a duct 28. In spray dryer 24, the flue gas is intimately contacted with a 
portion of the S0 2 contained in the flue gas to form a dry reaction product The flue gas containing dry 
reaction products, together with partially reacted and unreacted absorbent and ash initially contained in the 
flue gas, is withdrawn via a conduit 30 for introduction into a baghouse or fabric filter 32. 

40 In baghouse 32 the incoming gases are introduced upwardly in such a manner that the gases directly 40 
impinge upon the inner upstream surfaces of fabric filter elements 34. In conventional baghouse design 
where the baghouse is solely intended for the collection of particulate matter, direct impingment on the 
fabric filter element is avoided by having the initial impact of the particulate matter on baffle plates. By 
contrast direct impingment on the fabric in order to build up a desired coating and effect reaction between 

45 the remaining sulfur oxides in the flue gas and the absorbent is a necessary condition for the effective 45 
practice of the present invention. A substantialy uniform coating of the dry particulate product together with 
unreacted and partially reacted absorbent is formed and maintained under steady-state conditions on the 
inner upstream surface of the fabric filter elements 34. Further reaction occurs between the unreacted and 
partially reacted absorbent and the residual sulfur oxide present in the gas passing through the fabric filter 

50 elements. The gas which exits from the baghouse is substantially free of sulfur oxides and particulate matter 50 
and is withdrawn via a conduit 36. From conduit 36, the gases are discharged to the atmosphere through a 
blower 38 and a vent stack 40. Baghouse 32 also is provided with a plurality of discharge valves 42 for 
intermittent removal of accumulated particulate matter via a condiut 44. The fabric filter design will utilize a 
combination {not shown) of a mechanical shake and reverse-air deflation method of cleaning the bags or 

55 fabric filter elements 34. this "belt and suspenders" approach to bag cleaning has proven superior in the 55 
cement ferrosilicon and steel industries as well as on power boiler installations. The removed particulate 
matter may be disposed of as waste. Alternatively, of course, the reacted absorbent may be recovered and 
regenerated utilizing known technology. 
The present invention offers numerous advantages over prior art processes for the removal of sulfur 

60 oxides from waste gases. For example, in accordance with the present invention, there is obtained 60 
simultaneous removal of sulfur oxides and particulates. In addition, the present method permits the removal 
of in excess of 90% of the sulfur oxides from the hot gas containing the same, concurrent with high 
absorbent utilization. In addition, virtually all of the reaction products are recovered as a dry powder, thus 
reducing transportation costs if the product is to be transported for disposal or regeneration. Still further, the 
65 invention also permits the scrubbing of relatively low temperature gases from existing utility plants without 65 
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the necessity of reheating the gases prior to their discharge to the atmosphere. Finally, the present method 
does not require the use of expensive high temperature fabric filter materials {which have a short service life) 
for effective SOj removal. These and many other advantages of the present invention will be more aPP*™* 
from the following non-limiting example provided to illustrate the practice and advantageous features of the 
5 present invention. 



EXAMPLE 



A test program was conducted at a commercial utility power plant to demonstrate the efficiencyofthe 
present invention. The program consisted of series of parametric tests utilizing different absorbents to ^study 
lOm^ofvariouscondWons^^ 10 
sulfur dioxide was introduced into the gas stream being treated to vary the sulfur oxide concentration. The 
sumirdioxidecoment and particulate content of megas stream weremeasuredat^ 

For the first reaction zone, e commercial spray dryer seven feet in diameter and fifteen feet high was used. 
The equeous scrubbing medium was atomized in the spray dryer by directing it upon the surface of an 
1 5 electrically driven centrifugal atomizing wheel which was either a seven- or eight-inch diameter disc. The 
atomizing wheel was rotated eta speed of 21 ,000 rpm. . 

The second reaction zone comprised a baghouse assembly consisting of a housing containing two 
compacts, each of which contained six fabric filter elements 11.5 inches in diameter by 30.5feet long. 
The baghouse assembly was designed to cause the inlet gases to impinge directly upon the upstream 
20 surfacesofmeelementswimoutanysignmcantdmpoutoftheparticolatespnOT 

operation, thegas stream wasdirected to both compartments to maintain tiie dee red coa^thktoe«^ 
particulars on ,the filterfabricWhenthe coating thickness of particles on the ™™*xcee6<*tted^d 
Vindicated byatargetpressuredropac^^ 

fabric filter compartments were sequentially cleaned of the coating of particles by a combination of 
25 mechanicalshakinganddeflationofmefllterwithareverseflowofair. rf .. toc .. ... that 

In Table I are set forth the results of the tests for the fabric filter removal of particulates. It will be seen that 
99.9% or greater of the particulates were removed. It is believed that this high removal rate is in part 
attributabletotheuseofthespraydryerinthefi^ 

spray dryer droplets act to agglomerate the ultrafine fly ash constituents of the gas stream such that they are 
30 more readily removed in the second reaction zone by the fabnc filter. 

TnYSulteo^ 

esh) and trona, are set forth in Tables IIA and IIB, respectively. The results obtained with the preferred 
calcium alkali absorbent, slaked lime, are shown in Tables IIIA and 1MB. 
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From the foregoing tables, it is seen that the method of the present invention provides, under optimized 
conditions, a means by which a flue gas containing sulfur oxides and fly ash may be treated to produce a 
product gas stream substantially free of sulfur oxide and particulates, while concurrently obtaining high 
absorbent utilization, rt will also be appreciated that all of the tests do not show optimum results since many 
5 test parameters were being varied. 5 

It will of course be realized that many variations in reaction conditions may be used in the practice of this 
invention within the limits of the critical parameters set forth. These variations in conditions depend upon 
the particular sulfur oxide content and the temperature of the flue gas to be desulfurized as well as the type 
of fossil fuel serving as the source of combustion gas. Thus, while the examples illustrating this invention 
10 have been described with respect to specific concentrations, times, temperatures and other reaction 10 
conditions, and what is now considered to represent its best embodiment has been illustrated and 
described, the invention may be otherwise practised within the scope of the following claims. 

CLAIMS _ 

15 

1 . A two-zone method for removing sulfur oxide and particulate impurities from a hot waste gas 

^T^n^oducing the waste gas at a temperature of at least 100°C and containing from about 200 to 500 

p.p.m. by volume of sulfur dioxide into a first spray-dryer reaction zone; 
20 (b) contacting said waste gas in the first zone with a finely dispersed spray of an aqueous medium 20 

consisting essentially of water and a sodium alkali or calcium alkali absorbent, said aqueous medium being 

introduced into the spray dryer at a controlled rate so as to provide water to the waste gas in an amou nt such 

that the exit gas from the spray dryer is water-unsaturated and has an absolute humidity of from about 0.07 

to 0.5 g7a. and is at a temperature between about 65^^ 
25 absorbent in an amount to provide from 90% to 200% of the stoichiometric amount required to react with all of 25 

the sulfur dioxide contained in said waste gas, whereby sulfate and sulfite dry reaction products are formed; 

(c) withdrawing from the first reaction zone said water-unsaturated exit gas containing finery dispersed 
particles of said reaction products and of unreacted absorbent having enhanced reactivity; 

(d) introducing said exit gas into a second, fabric filter reaction zone by directly impining said 

30 particle-containing gas upon an upstream surface of a gas-permeable porous fabric of said fabric filter 30 
whereby a substantially uniform coating of said particles present in the gas is formed on said upstrearn 
surface of said fabric so that absorbent in said coating reacts with sulfur oxide present in the introduced gas 
to form sulfate and sulfite; and m 

(e) withdrawing from a downstream surface of said fabric the treated gas substantially free of particles and 
35 containing a minor traction of the sulfur dioxide originally present in the waste gas. « . 

2. A method according to claim 1 , wherein the exit gas from the first zone contains from 20 to 50 vol. M of 
its initial sulfur dioxide content and the treated gas contains less than 10 vol. % of the initial sulfur dioxide 

3. A method according to claim 1 or 2, wherein the waste gas contains ash and is produced from the 
40 combustion of an ash-containing fossil fuel. _ 

4. A method according to claim 1 , 2 or 3, wherein the aqueous medium consists essentially of a slurry of 
a calcium alkali absorbent. 

5. A method according to claim 4, wherein the calcium alkali absorbent consists of calcium oxide treated 
with water to form slaked lime. ■ 

45 6. A method according to claim 1 , 2 or 3, wherein the aqueous medium consists essentially of an *& 
aqueous solution of a sodium alkali absorbent 

7. A method according to claim 6, wherein the sodium alkali absorbent is sodium carbonate. 

8. A method according to claim 6, wherein the sodium alkali absorbent is trona. 

9. A method according to any of claims 1 to 8, wherein the finely dispersed spray of the aqueous medium 

50 in the first zone is produced by directing said aqueous medium upon the surface of a rotating disc. 50 

1 0. A method according to any of claims 1 to 9, wherein the hot waste gas is introduced into the first 
reaction zone at a temperature between 1 00° and 230°C. 

1 1 A method according to claim 1, wherein the hot waste gas is a hot flue gas obtained by the 
combustion of a fossil fuel and containing from about 0.2-28 gJcu. m. of ash, the flue gas is introduced at a 

55 temperature between 1 00° and about 230°C into the first spray-dryer reaction zone; the finely dispersed 55 
spray is created by a rotating centrifugal-disc atomized in said zone; the exit gas from the first zone 
containing from about 20 to 50 vol. % of its initial sulfur dioxide content; and the treated gas substantially 
free of particles contains less than about 10 vol. % of the sulfur dioxide originally present in the flue gas. 

12 A method according to claim 1 1, wherein the aqueous medium contains a sodium alkali absorbent in 

60 an amount to provide from 90% to 1 20% of said stoichiometric amount and contains between 2 and 30 wt % 60 
of soda ash or between 5 and 50 wt % of raw trona. 

1 3. A method according to claim 1 1 , wherein the aqueous medium contains between 5 and 30 wt. % of 
slaked lime as calcium alkali absorbent to provide from 100% to 200% of said stoichiometric amount. 
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